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ABSTRACT 


DESIGN INVESTIGATION OF COMBINATIONS OF SPHERICAL 


AND CYLINDRICAL SHELLS UNGER ZYDBOSTATIC PRESSURE 


Gerald Edwin Ven. Sickle 


_ 


Lieutenant, Unitea Siates Navy 


submitted to the ru و‎ of Naval Architecture and Marine Engineering 
on June 16, 1967, in partial fulfillnent of the reculrements for the 
Master of Selen nce degree in Naval Architecture and Marine Engineering and 


2 یت 


the Professicnal degree, Naval Engineer. 


Shells consisting of two sphericel saell sections joined together 
by a cylindrical shell section and shells consisting of two intersecting 
Spherical cheil sections were considered in tois investigstion. The 
purpose of this investigation was to determine the shell of optinun 
proportions end con figuration from ell the shelis consideres and to 
۲۰۰٠۰٠٦٢٠٢ in: penalty incurred by using & shell of other then ontim 


Brorcortions and configuration. 


The shell of Ee Ee A. end configurat 
that shell with the lowest weight to displacement ret 
conditious that all si elis ere Si of e Š m: 

to witnstand the seme hydrostatic pressure, 


A relationship between the weight to displacement ratio of thass 
shells end their geometric ratios was developed. The inderendent geometric 
ratios chosen for use in this investigation weru: 1) the retio of the 
redius of the larger spherical سس‎ to ine radius of the smaller ٣ 

paz չ 
Shell, 2) the ratio of the redius of the cylincricsl shell to the radius 

? 
of the emsller spherical shell, and 3) t tre ratio of the length of the 
cylindrical £hell to the radius of tae £g2:1ie7 spherical shell, 

pendentl 


The geonetric ratios We 
and tne effect upon the vc 
results were plotted graph 


ihe shell of optimin procortlonz and configsuratien was found to x 
& shell consisting of tvo intersecting spnerical snell sections with ecral 
radii and with e center to center separation of the spherical shell E D 
eaual to tasir radii, The weight to displacement ratio of this shell ws 
fond to bz 11.1% less then thet of & single spherical shell. 
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INTRODUCTION 


Considerable interest has recently been shown in manned vehicles 
capable of exploring the Gepths of the ocean. The structural design of 
the hull of such a vehicle must consicer strength to weight ratios af 
possible hull materials and the relation between the structurel weight 
and toe displacement of the hull. 

For this reason, a strong possibility exists that these vehicles 
۷111 utilize spherical shells either es the main pressure hull or to 
close off the ends of a basically cylindrical hull. There is also the 
possibility of tue pressure hull being tivo spherical shells connected 
by a eylindrical section of relatively short length. 

This worx will study pressure hulls consisting of two spherical 
shell sections joined together by a cylindrical shell section. The 


lengtn of the cylindrical section, the radius of the cylindrical section, 
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d the radii of the two sphsiicel sections wil 
means hulls cen be studied whose geometries range frou 1) a single sphere, 
to 2) a cylinder with hemispherical ends, to 3) a dumbbell shape, to 
4) two intersecting spheres, to 5) two separate spheres. 


The purpose cf this study is to determine the shell of optimun 
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proportions and configuretion from all tne shells 


Է 


evaluate the penalty incurred by using a shell of other than optima 
pronortions and configuration, 
Tne shell of optimum proportions and configuretion is defined as 


tnat shell with the lcwest ratio of struc 
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A relationship between the welgnt to displacement ratio (ratio of 
the structural welgnt of the sheil to the welght of the water that the 
shell displaces) snd the geometric ratios of the shell will be developed, 
Fron this relationship it will be possible to determine the effect that 
purely geometric considerations have upon the weight to displacement 
ratio. 

The weight of reinforcements at the junction of the spherical shells 
to the cylindrical shslls and the weight of stiffening within the cylindrical 
shells were not included in the weight to displacement ratio. That is 
the shells vere considered to be unstiffened and the iatersections 
unreinforced, Also the shells vere considered to be thin shell sections 
so that the volumne of the structural material of the shells can be 
considered to be the surface area of the shells multiplied by the thick- 


ness of the shells, 





PROCEDURE 
In the design of dsep diving venicies, the null structural weight 


to hull displacement ratio is a very important consideration since it 
governs the enount of weight remaining for propulsion machinery and for 
payload. Obviously, if Jess weight is requirea for the hull structural 
material, then more weight is available for use as additional machinery 
or additional payload. 


was decided to evaluste possible hull configura-- 
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For this reason 1 
tions end proportions by msans of the weight to displacement ratio 
criterion. Tne weight to displacement ratio can effectively be divided 
into two paris. Que part is a function of the properties of the material 


from which the bull is made and a function of the hydrostatic pressure 
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that the hull is designed to withstand. ‘ins gecon 
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of the geonetry of the hull. It is this second cert that this investisetion 


good weight to displacement ratios it was deciccd vo analyze shells 


consisting of two spherical skell sections joined together by a eylindrical 
stell section. in the limit, when the length of the cylincricsl shell 


section becores equal to zero, this becomes a shell consisting of two 


wo intersecting 
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Spherical shell sections become hemis 
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geometric ratio selected for uso in this study are: 1) tbe ratio of tho 


l&rger spherical shell radius to the smaller spherical shell radius, 
2) the ratio of the cylindrical shell radius to the smaller spherical 


shell radius, and 3) the ratio of the cylindrical shell length to the 
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smaller spherical shell radius. All other possible geometr: 
be expressed as conbinations of the three geometric ratios selected. 

Other possible geonetric ratios which would be useful for design 

purposes include the length to breadth ratio of the shell. 

In the develomtent of the equation late tne weight to displace- 
ment ratio to the geometric ratios of the shells, tne shells were considered 
to be unstiffened and the intersections of the shells were considered to 
be unreinforcet.s Also, the shells were considered to be thin shell 
sections rade from the same material ana designed to withstand the 
hydrostatic pressure. The development of the equation relating the 


Jacement ratio to the geonetric ratios of the shells is 
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given in Appendix A, This equation is as follows: 
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Wis the structural weigni of the shell, 

Dis the weight of water that the shell displaces, 

Ris the radius of the enaller spherical secticn, 


ris the radius of the larger sy 


ct 
ԼԶ 
ԵԶ 
ch 
Լար 
5 
ja 
f 
هداس(‎ 
© 
n 
ձե 
(n 
U} 


of the shell of the larger spnericai section, 
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, is the lensth of the cylindrical secticn; 





d is the radius of the cylindrical section, 
h levthe tniekness of tne sheil of the cylindrical section, 
pg is the density of the material of tne shell, 


Oy is the density of salt water (ti se displaced mediun), 
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Tne value of x is directly determined by the hydrostatic pressure 
thet the shell Is desimed to withstand and by the yield strength and 
other mechanical properties of the shell material., Extensive research has 
been undertaken to relate the thickness ta radius ratio (x) to the 


critical pressure for spherical shells. References l, 2, and 3 recozment 


the use of the empirscal desígn formula, 
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p is the critical pressure 

v is Poisson's Ratio 

E is Young's Modulus 

T is tne thickness of the shell 


R is the outsids radius of the scherical shell, 
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for the elestic buckling strength o 





ln the plastic yi 


p=2 9 (T/R) 


where: 
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c is the 
T is 
R is the 


applies to 
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near perfect spherical 


de. 


criticai pressure 


Equation (1) is applicable when 
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yield strength of tne shell material 


msan radius of the spherical shell, 
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Equation (1) was developed assuming failure would be by the yield 
mode because most practical hulls designed today fall into the yield 
failure region. Hulls made of materials such as steel, alwoinum alloys, 
and titanium alloys would be extremely tain and would fail at much lover 
pressures tnan those of interest, if the spherical sections failed in the 
buckiing mode. Only when materials with very high strength to weight 
ratios, such as glass, are used in spherical snells does the buckling 
mode of failure become of practical importance. When this is the case, 
the weight savings due to the eptimm geometric proportions of shells 
investigated in tnis paper become of secondary importance, 

Equation (4) is valid only when the cyli: ndricsl shell is very short 


or when tae shell is stiffened at intervals. The spacing of the intervals 


whaere stiffening is required is dependent 


tz 


pon tne shell thickness to 
diameter ratio and upon the mechanical properties of the shell material, 
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Taus, equation (1) would become discontinusus and it would become difficult 


to deternine tae general trend in the weight to displacement ratio due 
to a Change in geometry of the shell if the weight of the required 


E eners was considered, Also, ths weight of the required stiffeners 


is ol secondary importance to tha weight of tne cylindrical shell. 
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Equation (1) can be written a 
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Thus, M is a function of the hydrostatic pressure the shell is designed 
to withstand, tne properties of ine shell material, and the density of 


the displeced medius. G is a function of the geometry of the shell. 


A range of values for ç = a f = E, and a = E were assigned and 
Է F. R 
values of G were calculated, The results presented in tne following 
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section in graphical for show kow this measure of > weight to dis- 


placement ratio changes with the geonetvic ratios, me 

The shell of optimun proportlons and configuration is the shell 
giving the lowest value of G, according to the criterion selected. The 
value of G for shells of other than optimum proportions ana configuration 
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is a measure of ino penalty incurred by using such a shel 
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RESULTS 


That part oi the eguation relating the veigat to displacement 
ratio to the geometric ratios of the shells which is a function cf 


the shell geometry is given by equation (4) es, 
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Ihe geometric ratios (a = fa C = رہ‎ and f= Ë) ware systematically 


and independently varied and a value of G was calculated for each set of 
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Values assigned to tag zeometric ratios 

The value of ع‎ = Ë must be greater than or equal to one, The values 
essigned toa = in this investigation ranged from one to four in 0.25 
increments. Toe value of f = Ë must Dei greater than or equal to ye, 
= = in this jnvesiication renged from z wh 
two in 0.25 increments. The value of c = > mast bse greater than or 
equal to zero but less than or equal to one. Because c = = occurs <s 
c< jn equation (6), and because a elezrer display of the variation of 
G with e is obtzined if G is plotted a 
was varied. The values assigned to c^ in this investigstlon ranged fror 
zero to ons on 0.1 increments, 

Graph 3. shows G as n function of ce? = ) for incremental values 


2 the value of f = held constant and egual to zero. Thus, 


graph 1 shows the variation of weight to displacement ratio for two 
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Graphs 2 tnrouzgh 9 show G as a function of c“ = (aye for incremental 

velues of f = Ë with the value of a = բ held constant for each graph. Thus, 
٠ 
grepas 2 through 9 show the effect of the cylindrical shell section upon 
the weight to displacement ratio of tne shells considere 
e x 
ae ۱ = 
The value of e = p was chosen es the variable geometric ratio 
Ն 

because in the design of hulls, the diameter of the cylindrical shell 


section often must be large enough to allow access between the two spherical 


shell sections, 


In all cases, & value of cx = (92 = O represents the case of two 
separate spherical shells and yields a value cf G equal to three so that 
EH. Mage 75) =. PED. D 
p oH = 25. C m E w for the case of a spherical shell. 

á * 3 ^ 
When c = BC 1 tos sma epherical shell section is a hemispherical 
shell section. ; 


Appendix C is a tabulation of the results obtained by systematicall 
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and independ ently varying the three gsonetrio ratio considered in tais 


above., “ae results are 
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investigation through the range of values statec 


presented to allow tne reader to plot the results in a different form 
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DISCUSSION OF RESULTS 
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Am Tae resuits shown in graphs 1 سن‎ 9 indit 
to displacement ratio for shells of the geometry considered occurs whe: 
the radii of tne spherlczl shell section are eous] (a - == 1) end vhen 
there is no cyiindrical shell section present (f = Ë = = 0), An analysis 
of equation (1) shows that the minimus weight to displacenent ratio 
cannot occur at a value of f = ko ner than zero. Then substituting a 
value of a = x = 1.01 into egvation (1) snows that the value of the 
weight displacement ratio for a = 1.01 and f = 0 is siightly greater then 
the value of the weight to disriacement ratio for a = 1 and f = 0 for 
corresponding values of ck = (x ds between O snd 3/4» At a values of c* 


slightly greater than 3/4 the value of the weight to displacement ratio 


lor & — l.0Ll and f 20 is siigatly less than the volue of ine wsiph£& to 
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is sligatly greater than tne minimun value &iísined waen 
end occurs at a velue of e? s slightly greater than 3/4, 
Calculations shown In Appendix B show that tue :ainimun value of the 


ratio for the case when a = 1 and f = 0 is egual 


weignt to displacement r 
8 PS N 722 ՛ mel ° E 
۳0 سم‎ (x) and occurs when cf = 3/4. Tais gives a pressure hull 
Մ 
consisting of two intersecting spherical shell sections with equal 


radii and with a center to center separation of the spherical shell 


sections equal to their radii. The length to breadta ratio of this 


pressure null is equal to 1.5 and the weigent to displacement ratio is 


7 a$ - MM 1 s - 
59% of ths weicht to disolacement ratio for a siegle srhericel shell. 
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2. Pressure hulls consisting of two intersecting shells (with tae 
weight of reinforcement neglected) have a weight to displacement ratio 
less then the weight to displacenent ratio for a pressure hull consisting 


of a single spherical shell but this improvement in the weight to 


displacement ratio is small unless the radii of the two spherical shells 
re nearly the same and the ratio of the radius of the circle of inter- 


section to the radius of the smaller spherical shell is relatively large, 


3. Pressure huils consisting of two spherical shells joined togetaer 


by a cylindrica cement ratios which cen E 
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be greater than or less than ihe weight displacement retio of pressure 


hulls consisting of a single spherical shell. In general, the weight to 
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ment ratio increases rapidly es the length of tne cylindrical 
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ing of two spherical shells of nearly the 
sane radius (a = F less than 2) connected together by a cylindrical 
sneil of a relatively short length can be designed so that their weight 
to displscement ratios are less than the welgnt to displacement ratio of 


` 


a pressure hull consisting of e single spherical shell. For tae case 


when the length of the connecting cylinder is zero (two intersecting 


spherical shells) this is always the case. An edvantage of pressure 


hulls consisting of two spherical shells Joined together by a short 
cylindrical shell (including the cease of cylindrical shells of zero 


lengta) over pressure hulls consisting of a single spherical shell is 


that a pressure hull with a length to breadth ratio near to tne value of 


- 


two and a weight to displacement ratio near to that of & hull consisting 


of a single spherical shell can be ur 





5. Even thougn pressure huils consisting of two spherical shells 
connected by a cylindrical shell (including tne case of two intersecting 
spherical shells) can be designed vith a weight to displecement ratio 
less than tnet of a pressure null consisting of a single spherical shell, 
this decrease in the weight to displacement retio is small. Therefore, 
materials with a higher strengtn to weight ratio will have to be used 
for vehicles designed to operate at the deeper reaches of the ocean in 
order to attain a satisfactory welent to displacenent ratio. In other 
words the value of M must be reduced (M = poz/20 Py) by increasing thse 


EU ratio (strength to weight ratio). 
Տ 





CONCLUSION 


1. The shell of ostimun proportions and configuration was found to 

be a shell consisting of two intersecting Spherical shel] sections with 
equal redil end with a center to center separation of the spherical shell 
sections equal to their radii. The weight to displacement ratio of this 
shel] was found to be 11.1% less than that of a single spherical shell 


given that the tro shells compared were made of the same material end 


designed to withstend tne same hydrostatic pressure. 


2. Even though taz weight of required stiffeners was not taken into 


t. 


account in this stuiy, it is expected that a decrease in the weight to 


displacement ratio can be eccomplished when the weight of stiffening 


is accounted for in tnae calculations of the weight to displacement ratio. 
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Since stiffening will be required at tre intersection of the shells 


end within the cylindrical shell, the results presented in this investigation 


Should be used only as guides toward a pressure huil design, showing the 
general trend in the weight to displacement ratio due to <= change in the 


geometry of the pressure hull. 
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RECOMMENDATIONS 


1. Further study should be undertaken to evaluate the importance of 

tne stiffening and reinforcement considerations upon the results obtained 
in this investigation, The weight of required stiffening and reinforcement 
was neclected in this investigation. It is realized that the inclusion 

of the weight of stiffening end reinforcement will increase the weight to 
displacement ratios obtained but the importance of this increase has not 


been evalusted, 
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Development of Weight to Risplacesent Ratio Relationship to the 


Geometric Ratios 
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n is the tnickness of cylindrical snell 
d is tne radius of eyiinarical shell 


L is the length of cylindrical shell 


R is tae radius of smaller schericei shell 
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t is the thickness of 


p, is the density of tne snell material 
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նլ = 2/3 1 p3 + 2/3 1 > 4 1/61 Vn -à* Ë + 33۴ + (R -2) |‏ 
p 2 2 M‏ 
x | r?-à* E + 34“ + (62-42) | (1)‏ 1/6 + 
Assuming higher order terns of t/r end T/R can be neglected, the volume‏ 


of the sonerical shells is, 


Vo 2 27 RT 4 27 RTV R^-à^ ^ 2" r^t + 2" rtVr2-a2 (2) 


V4 - T dI, i (3) 


Tne volune of the cylindrical shell, negiecting higher order terms 
5 . 
SS n/d is, 


V, = 2n dhL (4) 


W ps Vo + V 
D RB. ۷ + وا‎ (5) 


providing all shells are made of materials of the same density. 
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If both the spherical shells end the cylindrical shell are to be 
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‘designed to fail by the yield mode of failure then, 


Da oy = 2 oy% (sphericel shells) (6) 
հ Am یں‎ 
DES ay (Z3 (cylindrical shell) (7) 


so jif the schericel shells end cylindrical shells ere designed to the same 


pressure then, 
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X = e وت‎ a ور‎ n (8) 
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Tais assumes the cylindrical shell is stiffened so that the eguation 


p = zo y (iB) applies, but in the development for the volume displaced 


£1 
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by the cylindrical shell, the volume (and thus the weight) of the 
stiffeners was neglected, 
Substitutinsg equations 1, <, 3, and A4 into eguation 5 one has 
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a is equal to r/R 
c is equal to d/R 
Mis equal to L/R. 
Analyzing this equation ín special ceses one cen bring out several 


pertinent points. 


This gives the case where one has two separate spheres, “= (3x) 


Special Case Il: 6Շ < ول‎ a = 1, and f = OQ 
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Tais gives the case of e single sphere, Again, $c (3x) ՅԵ: 
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APPENDIX B 
Analytical Solution for Minimum Weight~Displacenent Ratio for the 
Special Case a = 5 


and cylindrical shell of a length of zero). 


= l and f = E = 0 (spherical shells of equal radius, 


tor 5515 cease, 
E Ps 14 A+ 14 N- 
= (6) (9 4 Án 


. A. سد‎ 27-88 


Simplifying equation 1, 
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Tabulation of tne Results Obtained by Varying the Geometric Ratios 


The eyuation relating the weight to displacement ratio to the 
geometric ratios of the saells considered in this investigation (equation 1) 


can be written ss, 
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Tae following is a tabulation of values of G calculated for variations 
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5 5 
pe ՀԱԲ . ۶20.5 f-0.50 £20.75 
c^ G G 6 0 
0.0 3.000 3.000 3.000 3.000 
oat 2.929 2.939 2.948 2.958 
0.2 2.865 2.886 2.906 2.926 
0.3 2.308 2.841 2 2.903 
0.4 2.759 2.806 2.249 2.839 
0.5 E 2.779 22834 2.885 
0.6 2.688 26 2.822 2.893 
oT 2.669 2.763 2 2.915 
0.8 2.670 2.782 237 2.958 
0.9 2.707 Ansy 2.950 3.040 
1.0 3.000 3.157 32272 3.359 
E [21865 f=1.50 NU SU 
c< C G G ü 
0.0 3.000 3.000 3.000 3.000 
011 Zt 2.986 2.955 3.004, 
0.2 2.963 2.980 2.597 3.014 
0.3 2.958 2.983 +7 30 
Dd 2.961 2.991, 3.025 3.053 
0.5 ا‎ 3.013 3.050 3.083 
0.6 2.997 3.042 3.024 Bele 
Cae 3.034 3.034 3.129 3.170 
0.8 3.099 SRA 3.192 و‎ 
0.9 GE 20297 3.285 3.329 


1.6 3.433 3.529 3.567 3.599 





81.25 £=0.00 £20.25 [ero اس‎ 21.00 
c^ G C G 6 E 
0.0 3.000 3.000 3.000 3.000 3.000 
0.1 2.945 2.952 2.958 2.965 2508 
0.8 2.895 2.909 2.922 2.936 2.948 
0.3 2.849 2.871 2.892 2.912 2.931 
5.5 2.808 2.838 2.867 2.894 2.920 
0.5 2 2.811 2.847 2.282 2.914 
0.6 ZE 2.789 24 2 6 2:015 
ey ۷ 275 2.829 2.878 2.923 
0.8 2.701 2.770 2.233 2.889 aS 
0.9 2.698 2.779 2.851 2.915 «ԱՏԵ 
1.0 2.750 2.246 2.928 3.000 3.062 

81.25 f-1.25 15150 IS 32209 
ES 0 0 G C 
0.0 3.000 3,000 3.000 3.000 
0.1 2.978 2.994 2.990 2.996 
82 261 2.973 2.985 2.997 
0.3 2.950 2.968 2.986 39003 
0.4 2.945 2.968 2.991 31698 
05 2.045 27 3.001 3.027 
0,6 2.951 2.985 3.017 TORT 
7 2.965 3.004 FWOD 3.073 
0,5 2.938 3.030 3.070 3.106 
0,9 327 SUN ans 3.152 
Be 5:117 3.167 3 30 





&=1.50 f-0.00 5-05 1 "+٠0۳۰6 ۶826 
c* G G G G G 
0.0 3.000 3.000 3.000 3.000 3.000 
0.3 2.959 2.965 2.967 2.972 2.9776 
0.2 2.920 2.929 2.938 2.947 2.956 
0.2 2.834, 2.899 2.913 2.926 2.939 
0.4 2.852 21871 2.890 2.909 2.926 
0.5 ا‎ Zu 2,872 2.895 2.917 
0.6 2.796 2.828 2.857 2.885 2.912 
0.7 ale Dg Qu 2.880 2.911 
0.2 2.758 2.202 2.843 2.881 2.917 
0.9 2.750 2.800 2.847 2.891 2.931 
1.0 2.775 2.833 288 2.936 2.930 

a=1.50 ES 1-5 2075 £22560 
c< Ը G G G 
0.0 3.000 3.000 3.000 3.000 
221 2.980 2.985 2.989 2,993 
0.2 2.965 2.973 2.981 2.990 
0,3 2.952 2.965 2.977 2.939 
0.4, 2.943 2.960 2.976 2.992 
0.5 2.938 2.959 2.979 2.998 
0.6 2.937 2.962 2,935 3.007 
07 2.941 2.969 2.998 31 
0.8 2.950 2.982 3.011 22829 
Ges 2.963 3.603 3.035 3.066 
1.0 Dunes 3.059 3.094 a, 
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a=2.75 f-0.00 ۳2۵65 8-0 fo 
c^ E G G G 
0.0 3.000 3.000 3.000 3.000 
0.1 2.987 2.988 2.989 2.990 
0.2 2.975 2.977 2.979 2.980 
0.3 2.964 2.966 2.969 2.971 
OL 2.952 2.956 2.960 2.963 
0.5 2.942 2.946 2.951 2.955 
0.6 2.932 2.938 2.943 2,948 
967 2.923 2.930 2.936 2.942 
0.8 2.915 2.923 2.930 2.937 
0.9 2.909 2.917 2.926 2.934 
1۳0 2.909 2.919 2.928 2.938 
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c< | G G G 
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guy 2.955 2.961 2.967 2.973 
0.8 22952 2.959 2.966 2.973 
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823.25 120.00 f=0.25 £=0.50 ES 212.00 
c? 6 G G G G 
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G 
3.999 


25998 


99.75 


f=1,00 





--/:0- 


a=4.00 150503 15 65 fz0.50 Ը-0.75 I DO 
c E G G G G 
0.0 3.000 3.000 3.000 3.000 3.000 
01 2.994 . 2.995 2.995 2.995 2.995 
Geo 2.989 2.939 2.990 2.991 2.991 
0.3 2.983 2,98), 2.985 2.936 2.987 
Dex 2.978 2.979 2.931 2.982 2.983 
0.5 2.973 2.975 2.976 2.978 2.979 
0.6 2.968 2.970 2.972 2.974 2.976 
0 2.964 2.966 2.968 2,970 2.972 
0.8 2.960 2.962 2.965 2.967 2.959 
0.9 2.956 2.959 2.962 2.964 2.967 
1.0 2.955 2.958 2.961 2.964, 2.967 
a=/,.00 151275 f-1.50 1135 E200 
cx G 0 G G 
0.0 3.000 3.000 3.000 3.000 
0 2.996 2.936 2.996 2.997 
0.2 2.99% 2.992 2.993 2.993 
0.3 2.988 2.989 2.990 2.990 
O 2.984, 2.985 2.936 2.383 
0.5 98| 2.982 2.983 2.985 
0,6 2.977 2.979 2.981 2.983 
0% 2,974 2.9776 2.972 2.980 
0.8 2.972 2.97 2.975 2.979 
0,9 2,970 2.972 2.975 HR 











